Background. The intake of fermented milk products, especially yoghurts, has been systematically increasing for a few decades. The purpose of this work was to obtain milk products fermented with a mix of bacterial cultures (yoghurt bacteria and Lactobacillus acidophillus LA-5) and enriched with selected milk protein preparations. Secondly, the aim of the work was to determine physiochemical and rheological properties of the obtained products. Material and methods. The following additives were applied in the experiment: whey protein concentrate (WPC 65), whey protein isolate (WPI), demineralised whey powder (SPD), caseinoglycomacropeptide (CGMP), α-lactalbumin (α-la), sodium caseinate (KNa) and calcium caseinate (KCa). Milk was fermented using probiotic strain Lactobacillus acidophillus LA-5 and a typical yoghurt culture. The products were analysed in terms of the survivability of bacterial cells during refrigerated storage, rheological properties and syneresis. Fermented milk products were obtained using blends of bacterial strains: ST-B01:Lb-12 (1:1), ST-B01:Lb-12:LA-5 (1:1:2). Results. Milk beverages fermented with typical yoghurt bacteria and LA-5 strain showed intensive syneresis. The addition of LA-5 strain caused formation of harder acid gels, comparing to typical yoghurts. Milk products which were prepared from skimmed milk possessed higher values of hardness and consistency coeffi cient. The increase of concentrations of milk preparations (except of WPI) did not cause signifi cant diff erences in the hardness of acidic gels obtained by fermentation of mixed culture with a probiotic strain. Conclusion. The applied preparations improved physiochemical properties of the milk beverages which were prepared with a probiotic strain. The increase of protein milk preparations concentration resulted in a gradual decrease of the secreted whey. Among the products that were made of full milk powder and were subjected to three weeks of refrigerated storage the highest survivability of Lb. acidophilus LA-5 was noticed in the samples fortifi ed with 1% WPC.
INTRODUCTION
In recent decades, the consumption of fermented beverages, especially yoghurts, has systematically increased (Tamime and Robinson, 2007) . Yoghurt is a beverage which is traditionally produced using a mixture of thermophilic starter cultures consisting of Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus thermophilus (Gustaw, 2008) . Probiotic microorganisms grow slowly in milk and thus are frequently used with yoghurt starter cultures (Tamime and Robinson, 2007) . Probiotic bacteria such as Lactobacillus acidophilus and Bifi dobacterium spp. are also included due to their potential health benefi ts (Donkor et al., 2007) . The Lactobacillus sp. genus is the most studied one and it has been widely used in probiotic foods in recent years. Probiotic bacteria must meet the following criteria: (1) survive storage and processing operations; (2) be able to survive in gastric environment which includes the resistance to hydrolytic enzymes and bile salts secreted in the gastrointestinal tract; (3) must not adversely aff ect the physicochemical and sensory characteristics of the product (Ding and Shah, 2007; Liu et al., 2007) . Lactobacillus delbrueckii ssp. bulgaricus may decrease acidity of yoghurts during storage. As a consequence, it may lower the survivability of Lactobacillus acidophilus (Saccaro et al., 2009) . In recent years, a considerable amount of research focused on determining which constituents enhance growth and viability of Lactobacillus genus in milk products (Castro et al., 2009; Gustaw et al., 2011; Kozioł et al., 2013; 2014; Matijević et al., 2008) . Previous research investigated the infl uence of milk oligosaccharides or proteins on products in which bacterial monoculture was used. However, few studies verifi ed if these compounds enhance growth and viability of probiotic bacteria in products made with the mixed cultures. The aim of the present study was to prepare fermented milk beverages enriched with selected milk proteins using yoghurt bacteria and Lactobacillus acidophillus LA-5. The other purpose was to assess physical and chemical properties of the prepared beverages and the eff ect of milk proteins on viability of the used probiotic strain.
MATERIAL AND METHODS
Three bacterial strains were used in the study: Lactobacillus acidophilus LA-5, Streptococcus salivarius ssp. thermophilus ST-B01, Lactobacillus delbrueckii ssp. bulgaricus (Chr. Hansen, Poland).
Milk products were prepared using: whole milk powder (PMP), (OSM Krasnystaw); skimmed milk powder (OMP), (Biomlek Chełm); whey protein concentrate (WPC 65; Milei GmbH, Allgau, Germany), whey protein isolate (WPI; Milei GmbH, Allgau, Germany); demineralised whey powder (SPD; Euroserum, Port-Sur-Saone, France), sodium and calcium caseinate (Polsero, Poland), caseinoglycomacropeptide (CGMP) and α-lactalbumin (α-la; Arla Food, Denmark).
Preparing of fermented milk beverages. For inoculum preparations, sterile 10% regenerated OMP was inoculated with 100 ml of bacterial suspension (Lactobacillus acidophillus LA-5, Streptococcus thermophilus ST-B01, Lactobacillus delbrueckii ssp. bulgaricus Lb 12). It was then incubated at 37°C (ST-B01 at 42°C) until a concentration of 10 7 -10 8 cfu/ml was obtained (Donkor et al., 2007) . The number of bacteria cells was quantifi ed with a plate count method using M17 medium (BTL, Poland) for ST-B01 strain, MRS agar medium (BTL, Poland) at pH 5.4 for Lb12 strain and MRS agar medium which contained lithium chloride (0.2%) and sodium propionate (0.3%) for LA-5 strain.
OMP and PMP 13% solutions were made by stirring in distilled water using a MS 11HS (WIGO, Poland) magnetic stirrer. Milk protein preparations (0.5%, 1% and 2%) were added to the regenerated milk. The obtained solutions were pasteurized at 80°C for 30 min in a MLL 147 water bath (AJL Electronic, Poland). Then the mixtures were cooled to room temperature and the inoculum were added at the concentration of 2%. Fermented milk products were prepared using blends of bacterial cultures: ST-B01:Lb-12 (1:1) or ST-B01:Lb-12:LA-5 (1:1:2).
Determination of syneresis in fermented milk beverages. Syneresis was determined 12 h after fermentation process stopped according to the methodology described by Kozioł et al. (2014) .
The eff ect of milk proteins preparations on cell survivability of Lactobacillus acidophillus LA-5 during refrigerated storage. Living cells of Lactobacillus acidophillus LA-5 were quantifi ed with plate Gustaw, W., Kozioł, J., Radzki, W., Skrzypczak, K., Michalak-Majewska, M., Sołowiej, B., Sławińska, A., Jabłońska-Ryś, E. (2016 www.food.actapol.net/ count method using MRS agar medium which contained lithium chloride (0.2%) and sodium propionate (0.3%). Bacteria were enumerated at 1st, 7th, 14th, and 21st day of refrigerated storage. The quantifi cations of bacteria were done in duplicate.
Rheological and textural properties of fermented milk products. Hardness was determined with TA-XT2i texture analyzer (Stable Micro Systems, Godalming. UK) after 12 h of refrigerated storage at 4°C. The samples were analysed with modifi ed TPA test (Kozioł et al., 2013; 2014) . The probe diameter was 15 mm, the distance of penetration 20 mm and the speed of the probe was fi xed at 1 mm/s. The measurements were done in two series and each series comprised of fi ve repetitions.
Flow curves were established at the shear rate of 0-150 1/s, at 20°C for 120 s. The measurements were done using a con-plate measuring system (C60/2°Ti) and a dynamic rheometer RS 300 (Haake, Karlsruhe, Germany). The established fl ow curves were analysed with a Herschel-Bulkey model (RheoWin 3, Haake, Karlsruhe, Germany).
Mechanical spectra of the milk beverages were recorded at the frequency of 0.1-10 Hz at the strain of 0.01. The measurements were done at 20°C using a cone-plate measuring system (C60/2°Ti) and a dynamic rheometer RS 300 (Haake, Karlsruhe, Germany).
Fermentation of milk beverages was determined with dynamic rheometer RS 300 (Haake, Karlsruhe, Germany). Changes of storage and loss modulus (G' and G") were recorded at f = 0.1 Hz and strain 0.01. The gel point of whey protein was measured as the point when G' equalled G", i.e. δ = 45°.
Statistical analysis. Statistical analysis was performed with Statistica 8.0 (StatSoft. Polska). The data were evaluated using analysis of variance (ANOVA) with a level of signifi cance set at P ≤ 0.05. Tukey's test was carried out to compare the data. Table 1 presents the results on hardness of fermented milk beverages depending on fat content and the concentration of the added protein preparations. Fermented milk which was prepared from OMP possessed higher hardness comparing to the milk prepared from PMP. The addition of WPI to OMP at the concentration of 0.5% caused the improvement of acid gel texture. However, the addition of other preparations did not infl uence the hardness or even worsened the textural properties. Among the milk products made from PMP, the hardest acid gels (1.44 N) were obtained when WPI was added at the concentration of 2%. The lowest values (0.20 N) were observed for the PMP samples where WPC65 was applied at the concentration of 2%.
RESULTS AND DISCUSSION
Determining the level of syneresis of the fermented milk beverages allowed to evaluate the infl uence of the used milk protein preparations and bacterial strains on consistence and stability of casein gels. Adding LA-5 strain to a typical yoghurt culture caused formation of acid gels which released large quantity of whey, comparing to typical yoghurts made of both OMP and PMP (Table 2 ). The highest amount of whey (9.11%) was observed in the products made of PMP supplemented with 0.5% KCa. Relatively high syneresis was noticed in the case of milk beverages which were fermented with WPC65 and SPD. To the contrary, the samples prepared from PMP and OMP, both supplemented with 2% WPI, possessed the lowest syneresis. The level of syneresis in the beverages made with the mixed culture (ST-B01, Lb-12 and LA-5) decreased along with higher content of the added protein supplements. The results are consistent with previous research in which the eff ect of adding milk preparations on syneresis of fermented milk beverages (Kozioł et al., 2014; Kuecuekcetin, 2008) . The lower syneresis which occurred after adding higher amounts of milk proteins can be explained by the denser crosslinking of the acid gels comparing to control samples (Puvanenthiran et al., 2002) .
The obtained fermented milk beverages were further analysed in terms of their rheological properties. The beverages prepared with OMP and fortifi ed with 1% CGMP possessed diff erent fl ow curves, depending on the used bacterial mono culture. However, the shape of the curves of the all analysed products showed pseudoplastic properties (Fig. 1) .
The addition of probiotic strain (LA-5) to a typical yoghurt culture caused formation of stronger acid gels, comparing to milk which was fermented solely with a typical yoghurt culture.
The enrichment of a typical yoghurt culture with the prebiotic strain LA-5 and using it to ferment Gustaw, W., Kozioł, J., Radzki, W., Skrzypczak, K., Michalak-Majewska, M., Sołowiej, B., Sławińska, A., Jabłońska-Ryś, E. (2016) regenerated OMP and PMP fortifi ed with milk protein preparations caused minor increase of consistency coeffi cient (K). This eff ect was not noticed in case of yoghurts made with a typical yoghurt culture (Table 3) . However the fortifi ed samples made from OMP with addition of milk preparations had usually higher K values comparing to the samples made from PMP. When both kinds of regenerated milk were supplemented with KNa, KCa and WPI, the higher K values were noticed. Blending of LA-5 strain with a typical yoghurt culture did not cause relevant changes of fl ow index (n). Table 4 shows gel point of whole milk fermented with bacterial monocultures (ST-B01 or LA-5) or their blend. Additionally it presents G' and G" values obtained after the samples were cooled down to 5°C. Regardless of the strain used the samples containing 1% of CGMP or 1 α-la formed gels quicker compare to the beverages prepared form PMP (control). The time needed for the formation of acid gel depended on the applied culture. Fermenting of whole milk with monocultures lasted longer than the mixed cultures.
Milk beverages fermented with LA-5 strain showed the longest time (617−647 min) to form a gel structure (Table 4 ). The enrichment of yoghurt culture with a LA-5 strain signifi cantly quickened fermentation (183−194 min) . The values of storage modulus and loss modulus depended on the type of applied protein preparation. The lowest G' and G" values were displayed by the samples which were enriched with 1% α-la.
Population of LA-5 strain which was used to enrich typical yoghurt culture was lower in the produced beverages when compared to the samples prepared with LA-5 monoculture (Table 5) . After 1 day of refrigerated storage the number of bacterial cells in the control samples made of PMP, the samples with 1% CGMP or WPC65, achieved 10 7 CFU/ml. Table shows Yoghurts which were enriched with LA-5 strain and without addition of protein preparations showed reduced population (10 5 CFU/ml) after 14 days storage at 5°C. The population was stable until the end of the storage period. The same results were noticed in the case of the samples which contained 1% CGMP. To the contrary, the addition of 1% WP65 enhanced survivability of LA-5 cells in the samples. Its population after 21 days of refrigerated storage reached 8.61×10 6 CFU/ml. This number of cells of a prebiotic strain LA-5 in stored yoghurt guarantees benefi cial eff ect on organisms who regularly consume it. Moreover, WPC 65 is the cheapest additive among the applied preparations. Therefore, its use will not cause an increase in the price of the products. Good survivability of Lactobacillus cells during refrigerated storage was observed by Kailasapathy and Supriadi (1996) who added WPC to yoghurts. Similar results were obtained in previous studies which scrutinized the infl uence of adding milk proteins preparations on survivability of monocultures of Lactobacillus genus (Gustaw et al., 2015; Kozioł et al., 2014) . Lower survivability of bacterial cells, as the result of adding CGMP, was confi rmed by Cicvárek et al. (2010) who used this kind of preparation to improve survivability of lactic acid bacteria. 
